oocytes. Wild-type or mutant NCC activity was measured using 22 The renal Na + :Cl -cotransporter (NCC) is the major transport protein that is expressed in the 59 apical membrane of the distal convoluted tubule, which is located just after the macula densa. 60 The macula densa is where intratubular fluid chloride concentration is sensed to adjust the 61 glomerular filtration rate by the tubuloglomerular feedback mechanism. Thus, salt handling by 62 NCC escapes this regulatory mechanism that affects the urinary salt excretion and thereby the 63 mean circulatory filling pressure (19) . Inactivating mutations of NCC in Gitelman's disease or 64 increased activity of NCC due to dysregulation of the cotransporter by the mutant with-no-lysine 65 kinases (WNK1 or WNK4) in Gordon's syndrome lead to arterial blood pressure decreases or 66 increases, respectively, demonstrating the importance of NCC activity in blood pressure residues or domains that control the kinetic properties or specificity for thiazide binding to NCC. 74 NCC is a protein of 1,002 to 1,028 amino acid residues composed of a central 75 hydrophobic domain that contains twelve putative transmembrane-spanning segments (TM [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . 76 These segments are interconnected by six extracellular and five intracellular hydrophilic loops. 77 The longer interconnecting segment between TMs 7 and 8 is glycosylated (12) and thus faces the 78 extracellular side. The central hydrophobic domain is flanked by a short amino-terminal domain 79 and a long carboxyl-terminal hydrophilic domain, presumably located within the cell (6) ( Figure   80 1). Tovar-Palacio et al. (21) determined that the critical residues defining the specificity for 81 thiazide inhibition reside within the central hydrophobic domain by studying a chimeric protein. 
Na

85
The functional properties of rat and flounder NCCs, such as ion transport kinetics and 86 sensitivity to thiazide-type diuretics, are significantly different; the rat NCC exhibits higher 87 affinity for ions and diuretics (15; 22). These differences were recently exploited in a study in 88 which multiple chimeric proteins between rat and flounder NCCs were produced and analyzed at 89 the functional level (16). In that study, it was observed that the difference in thiazide affinity 90 between cotransporters from different species was conferred by the region containing the TM8 to 91 TM12 segments because a chimeric protein in which this segment from flounder was inserted 92 into the rat NCC exhibited a flounder-like affinity for metolazone and vice versa. Thus, it was 93 proposed that the affinity-defining residues for thiazides are located within the TM8 to TM12 94 segments of the cotransporter.
95
The major goal of the present study was to determine the specific amino acid residues 96 within the TM8 to TM12 segments of rat NCC that are responsible for the different affinity for 97 thiazide between the mammalian and flounder orthologues. To do this, we constructed several 98 mutant NCCs and changed key residues within specific TM segments. The functional properties 99 of the resulting proteins were determined by functional expression in Xenopus laevis oocytes. 100 Our results show that a single amino acid residue, the serine at position 575 of the rat NCC, 2.5 mM sodium pyruvate, and 5 mg/100 ml gentamicin, pH 7.4) (7).
116
Site-Directed Mutagenesis. The NCC cDNAs used in this study were the rat and flounder 117 orthologues that we previously isolated from rat kidney (rNCC) (6) and flounder urinary bladder 118 (flNCC) (7). These cDNAs were previously engineered to contain unique silent restriction sites 119 for Sac II and Hpa I at the beginning of TM8 segment and at the end of TM12 segment, 120 respectively (16). Single, double, or triple mutants for TMs 9, 11, and 12 were constructed for 121 these cDNAs using the Quickchange site directed mutagenesis system (Stratagene) following the 122 manufacturer's recommendations. All mutations were confirmed by automatic DNA sequencing 123 from TM8 to TM12 to avoid unwanted mutations elsewhere, and the Sac II to Hpa I fragment 124 from each mutant was subcloned into wild-type NCC by gel purification and ligation of the 125 appropriate cDNA band. All primers used for mutagenesis were custom made (Sigma).
126
In vitro cRNA translation. cRNA for microinjection was synthesized from wild-type, mutant or 127 chimeric cDNAs previously digested at their 3' end using Not I from New England Biolabs using 
RESULTS
174
Single amino acid residue differences between mammalian and flounder NCC. We have 175 previously shown that the difference in thiazide affinity between rat and flounder NCC is 176 encoded within the TM segments 8 to 12 (16). In addition, we have also observed that thiazide 177 affinity is similar between rat and mouse NCCs (18). Thus, we reasoned that the difference in 178 thiazide affinity between mammalian and flounder NCCs could be due to residue differences 179 between them. We performed an alignment analysis of NCC TMs 8 to 12 using all the available 180 NCC sequences to find the residues that are identical in mammalian orthologues but different in ions. Our recent observations suggested that the difference in chloride affinity is encoded within 212 TM segments 1 to 7, while no specific domain seems to be responsible for the difference in 213 sodium affinity (15; 16; 22). We thus analyzed the effect of TM9, TM11, and TM12 mutations 214 for affinity to cotransported ions. The results are shown in Table 1 . As expected, the sodium and 215 chloride transport kinetics of all three mutants are similar to each other and to that observed for 216 wild-type rNCC, indicating that these residues play no role in defining transport ion kinetics.
217
A serine to cysteine change in TM11 is responsible for the difference in thiazide affinity 218 between rat and flounder NCC. Because thiazide affinity between wild-type rNCC and rNCC-219 TM9 or rNCC-TM12 mutants was similar, no additional analysis was done for these clones. In 220 contrast, rat NCC harboring three mutations in TM11, which correspond to the flounder NCC 221 10 sequence, exhibited an affinity for metolazone that was identical to that in flNCC. We therefore 222 further explored the role of each of these amino acid residues. Two of these mutations in TM11 223 switched the original amino acid for a cysteine residue (I574C and S575C). Cysteines are special 224 residues because they can establish strong covalent interactions that can affect the structural and 225 functional properties of proteins; therefore, we decided to study these two residues first. We used 226 site-directed mutagenesis to create a double mutant rNCC that harbors both the I574C and S575C 227 mutations. In addition, we made two rNCC single mutants containing either the I574C or S575C 228 mutation alone. The effect of these mutations on metolazone affinity was determined. species. In addition, we observed that substituting the serine 575 in rNCC with other residues 324 than cysteine, such as alanine or aspartate, had no effect upon affinity for thiazides, suggesting used. At this concentration, we were able to observe a slight signal corresponding to the dimers, 549 but no difference in intensity was observed between the wild type and the mutant. 
